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Introduction: Passive waveguide components fabricated by K+-Na+ ion-exchange in glass have demonstrated high potential for applications in low-loss singlemode integrated optical devices. Recently, active components made by combining these ionexchanged guides with overlayers of semiconductor have received considerable attention for optical d e w tion applications [l] . In this waveguide-photodetector geometry, singlemode surface guides are used to increase thc coupling efliciency of the guided wave to the detector. However, these waveguides are not adequate for eflicient fibreguide coupling with a minimal insertion loss. An improved configuration would call for fibre coupling to a buried waveguide which can transfer almost all the power to a surface guide through a vertical directional coupler, as shown in Fig.  1 . Recently, we reported the successful realisation of such vertical couplers made by field-assisted K+-ion exchange in glass [2] . This Letter describes the fabrication, measurement and numerical modelling of such a device based on the gradedindex (GRIN) profiles of the coupler and the beam propagation method.
Fabrication and measurement:
This vertical coupler, comprising two parallel slab waveguides, is fabricated by a three-step 1340 electric field-assisted K+-ion exchange in soda-lime glass [3] . The buried guide is made by a two-xtep exchange, using an applied field of 50V/mm and exchange time t, = 15s in the first step, and 75V/mm in the second step with time t, varying photodetector I Fw 1 Vertical directional coupler used in waueguide-detector geometry from 4 to 10min. The singlemode surface guide is made by a one-step exchange with 50V/mm applied field and time t3 = 5s at a constant temperature of 385°C. The TE and TM effective indices of the normal even (N-,) and odd (Nd) mode m-lines (scc Fig. 2n ) are measured by standard prism coupling techniques at 2, = 0.633pm with an error of +2 x
The coupling length L. can be deduced from the mode-index measurements by [4] where ANe = N , -Nd, Ab = k, ANe, and ko = 2n/ll,. An input focusing lens is used to excite both modes simultaneously yielding a streak of periodic dots, representing power transfer, on the glass surface as shown in Fig. 2b . The period of these dots is equal to twice the coupling length, which was measured carefully for all the fabricated samples and found to be in excellent agreement with measured results according to eqn. 1. In addition, the relative intensities (power ratios) of the normal modes are measured with a vidicon and oscilloscope. respectively, for both TE and TM modes. This experimental device already has high values of F, which can be further line-tuned to yield a good device by a proper design of the input and output sections. Other fabrication conditions can be exploited to make directional couplers with longer coupling lengths and more synchronous slab indices. 
ELECTRONICS LEmERS 2nd
Typical GRIN profiles are shown in Fig. 3 for two different exchange times r,. With c(x) determined, the index profile directly modulating the bias current of a semiconductor laser.
As reported previously [4, 51, by monitoring the terminal voltage change induced by the change in the carrier density of an injection-locked laser oscillator, we have demonstrated a demodulation bandwidth exceeding 2GHq limited by the bandwidth of the R F amplifier and the locking bandwidth. Because the laser operates at far above the lasing threshold, multigigabit per second operation and a strong suppression of spontaneous emission noise are expected. However, owing to the relatively low effciencies of conversion from frequency shift to voltage change (-0.2mV/GHz), which are smaller than those of a conventional demodulation scheme cascading a DFB laser amplifier and a photodetector (-0.6 mV/GHz), the operating bit rate was limited at a few hundred megabits per second.
We report an important improvement of the conversion efficiency by detecting intracavity optical power changes of an injection-locked two contact quarter wavelength shifted multiquantum well (MQW) DFB laser operating at far above the lasing threshold [7] . By monitoring the voltage change at the phase shifter region, we demonstrate a conversion efficiency exceeding 1 mV/GHz together with a sensitivity of -21.9dBm at 700Mbit/s with an NRZ @'-I) pseudorandom binary sequence (PRBS).
FM demodulation through intracauity optical power change:
In an optically injection-locked single frequency semiconductor laser operating at far above its lasing threshold, the input light induces changes in the intracavity optical power as well as in the forward voltage of the laser [SI. These changes, depending on the frequency detuning (Sf=f, -fo,fi the optical frequency of the input light and fo the optical frequency of the receiver laser without injection), result from the carrier-photon relationships involved in any semiconductor laser. In the case of the voltage change provoked by changes in the carrier density, the FM demodulation efficiency (dV/dJ is defined as the change in the forward voltage per frequency detuning inside the locking range. Because dV/df is proportional to the derivative of the quasi-Fermi level separation against the carrier density (dV/dN) and is inversely proportional to the linewidth enhancement factor (a) and the differential gain (aG/ aN), the efficiency is mainly determined by materials of the active layer and the lasing threshold [SI.
The efficiency of conversion associated with the intracavity power can be calculated from the standard rate equations for photons and carriers [SI. In the central region of the locking range, the change in the intracavity power per frequency detuning ( d P / d f ) may be given by the following expression:
where G, is dG/aN, G is the threshold gain, ye is the carrier recombination rate, ye, is JyJaN and P is the intracavity power. Clearly, the demodulation efficiency associated with the intracavity power change is proportional to the intracavity optical power. This point is very interesting for practical aplications because we can modify the intracavity power by the bias current. Indeed, the intracavity power change may be monitored through the output power by an additional (external) photodiode. It is also monitored by a photodiode placed in the cavity. Of course, by monolithically integrating a photodiode in a DFB laser, a device can be obtained that can act simultaneously as a single frequency laser and a photodiode.
Actually, the device that can perform the detection of the change in the intracavity optical power is a 500pm long 1.53 pm GaInAs/GaInAsP/InP three-section two-contact A/4-shifted MQW DFB laser with a grating coupling coeffcient . , 50pm. The electrical isolation of the centre section is -600R. As the laser has a high KL value, the optical field is most likely conlined in the centre region of the cavity. Consequently, the intracavity optical power change is the most important in the centre region. The
